Abstract
functional categories associated with 'metabolic process' (132 genes, p-value = 23 0.00192) including 'oxidation-reduction process' (48 genes, p-value = 0.00021) and 24 'lipid metabolic process' (11 genes, p-value = 0.04591). Relatively few of the CDC 25 genes can be classified as CAZymes (13), kinases (3) and transporters (20) . 26 Differential transcriptome analysis of H 2 O 2 treatment and control conditions revealed 27 that 29 CDC genes were significantly up-regulated and 14 were significantly down-28 regulated, suggesting that CDC genes may play a role in coping with oxidative stress. 29 Evolutionary analysis of the 512 CDC proteins showed that their evolutionary 30 conservation tends to be restricted within the genus Alternaria and that the CDC 31 genes evolve faster than genes in the essential chromosomes. Interestingly, 32 phylogenetic analysis suggested that the genes of 13 enzymes and one sugar 33 transporter residing in the CDC were likely horizontally transferred from distantly 34 related species. Among these genes, 5 were likely transferred as a physically linked 35 
Introduction

45
Alternaria alternata fungi can be ubiquitously found in soil, various plants, and 46 decaying plant debris (Thomma, 2003) . Some A. alternata strains, which are known 47 as pathotypes, can cause plant diseases and result in severe crop losses worldwide. 48 Specifically, at least seven pathogenic A. alternata pathotypes, each producing a 49 unique host-selective toxin (HST) essential to pathogenicity, have been recognized to 50 cause diseases in Japanese pear, strawberry, tangerine, apple, tomato, rough lemon 51 and tobacco (Tsuge et al., 2013) . Generally, genes required for HST biosynthesis are chromosomes, but did not provide any evidence (Tsuge et al., 2016 (Table S4) . 276 We identified 13 CAZyme genes in the CDC, accounting for 3.48% (13 / 373) of the (Table S4) . Only 3 kinases from 3 different kinase families 282 were found in the CDC (Table S4) (Table S4) . Twenty-six transporter-encoding genes were found in the CDC (Table   286   S4 ). Among the 48 redox related genes in the CDC, 13 were predicted to be 287 Cytochrome P450 monooxygenases. Based on comparisons with proteins in the PHI-288 database, 35 CDC proteins are related to pathogenicity (Table S4) (Table 2, Table S5 ). (Table S6) . of 14 of these genes was strongly supported to be outside Dothideomycetes (Table 3, 376 Fig S2-15) . The AU test for each of the 14 genes significantly rejected the hypothesis 377 that they formed a monophyletic group with the rest of the sequences from 378 Dothideomycetes ( Table 3) . As the genes inferred to have undergone HGT are also 379 found in other Alternaria species, we infer that the HGT events occurred before the 380 divergence of the Z7 strain from the other Alternaria genomes examined and not 17 after. Specifically, 4 of the horizontally transferred genes are found in the genomes of 382 species in Alternaria Clades I and II, 6 genes are also found in the genomes of species 383 in Alternaria Clade I, and 4 genes are found only in the Japanese pear, strawberry and 384 tangerine pathotypes (Table 3).   385   386 All HGT genes encode enzymes except for AALT_g11770, which is a hexose 387 transporter (Table 3 ). According to their predicted functions, these HGT candidates 388 are involved in two biological processes: oxidation reduction and carbohydrate 389 metabolism (Table 3) (Fig 4B) . However, the gene order and orientation is quite 398 different among the clusters of these three genomes ( Figure 4B ). From these results, 399 the most likely scenario is that the genes were horizontally transferred from 400 Cryptococcus or Penicillium species and were subsequently rearranged. For example, the enrichment of "biosynthetic process" genes was discovered in the A. (Table S4) . CDCs in Alternaria, our study found evidence that HGT is a mechanism for the origin 516 of some of the genes residing in its CDCs. Specifically, we found 14 genes in the Z7 517 CDC that were likely horizontally transferred from distantly related species, including 518 9 genes that formed 2 gene clusters (Table 3) 
